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ABSTRACT 

A nuclear stage w i t h  a 7 5 , 0 0 0  l b  thrust engine is  

considered as a lunar shut t l e  operating between low-parking 

orb i t s  a t  the earth and the moon. Gravity losses are shown 

t o  have a substantial  impact on stage weight for stage mass 

fractions less than . 80 .  
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MEMORANDUM FOR FILE 

Stage  weights  have been computed f o r  a n u c l e a r  
s h u t t l e  o p e r a t i n g  between l o w  park ing  o r b i t s  a t  t h e  e a r t h  
and t h e  moon. Payloads of 100,000 l b s  outbound and 1 6 , 0 0 0  
ibs r e t u r n  w e r e  used throughout. S p e c i f i c  impulses of 800 
and 850 seconds were considered.  Two AV budgets  were used: 

TL I 

N o r m a l  Return Slow Return 

10,300 10,300 

LO1 3 , 4 0 0  3,400 

T E I  3,800 2 , 7 0 0  

EO1 1 0 , 5 0 0  10,500 

The f i r s t  of t h e s e  r e f l e c t s  a more or less nominal Apollo 
miss ion  w i t h  EO1 d e r i v e d  from r e e n t r y  and c i r c u l a r  veloci t ies .  
The second r e p r e s e n t s  a reduced energy r e t u r n  wi th  no LM 
r e s c u e  c a p a b i l i t y  and ignores  t h e  s m a l l  d i f f e r e n c e  i n  E O I .  

F i n i t e  burns w i t h  a t h r u s t  of 75,000 l b s  w e r e  consi-  
de red  only  i n  t h e  T L I  phase of t h e  mis s ion ,  t h e  o t h e r  AV' s  
be ing  t r e a t e d  as impulses .  Gravi ty  losses w e r e  ob ta ined  by 
f i r s t  i n t e g r a t i n g  a g r a v i t y  t u r n  from a 1 0 0  nm c i r c u l a r  park- 
i n g  o r b i t  u n t i l  t h e  in s t an taneous  o r b i t a l  energy equaled  a 
t a r g e t e d  va lue  of -1.04506 x 10 f t  /sec2 ( t h e  o r b i t a l  energy 
a f t e r  g i v i n g  a 10,300 f t / s e c  impulse from a 1 0 0  nm c i r c u l a r  
o r b i t ) .  The i n t e g r a t i o n  e s t a b l i s h e d  t h e  mass r a t i o ,  r ,  f o r  
T L I  and t h e  loss w a s  then  computed as 

7 2  

Avloss = I g l o g  
SP 

r -  10,300 

Pa ra l l e l  computations were carried o u t  t a k i n g  a l l  A V ' s  as 
impulses  i n  o r d e r  t o  show t h e  impact of T L I  g r a v i t y  loss on 
t o t a l  s t a g e  weight.  
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Computations were c a r r i e d  o u t  f o r  s t a g e  mass frac- 
t i o n s  of h = .80 - .70 where p o s s i b l e .  However, t h e  lower 
values are not  real izable  w i t h  t h e  TLI  treated as a f i n i t e  
burn.  The approximate lower l i m i t s  of h are as fo l lows :  

N o r m a l  Return Slow Return 

I = 800 sec .75 .74 
SP 

I = 850 sec 
SP 

.73 .72 

F i g u r e s  1-4 p r e s e n t  t h e  r e s u l t s  g r a p h i c a l l y .  Each 

AV budge t ,  normal r e t u r n  o r  s l o w  r e t u r n .  Each one p r e s e n t s ,  
as a f u n c t i o n  of A ,  stage weight  w i t h  a l l  AV’s as impulses ,  
stage weight  w i t h  T L I  a f i n i t e  bu rn ,  and g r a v i t y  losses f o r  
t h e  l a t t e r .  Typ ica l  r e s u l t s  a r e  as fo l lows  f o r  X = .75: 

one relates t o  a f ixed I 830 Gr 850 secC)I?ds, 2nd 2 f ixed  
SP’ 

Normal Return 

I Impulsive F i n i t e  G r a v i t y  
Burn L o s s  SP 

800 sec 351,000 lbs  544,900 l b s  2078 ft /sec 

850 sec 273,000 lb s  327,800 l b s  1074 f t / s e c  

Slow Return 

800 sec 306,400 l b s  395,600 l b s  1376 ft/sec 

850 sec 245,700 lb s  282,400 lbs  885 f t / s e c  

1013-ALS-kle A. L. S c h r e i b e r  
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